This is the second paper in a series that reports the allometric relationships between some of the physical parts and body protein weight of commercial broiler strains reared, sexes separate, on different dietary protein levels. In this trial, four commercial broiler strains were sampled at day old and then weekly from each of three dietary protein treatments to determine the weights of the physical parts and the chemical composition of each of 936 birds. Allometric regressions were compared between strains, sexes and dietary protein levels using linear regression with groups. Whereas these regressions were similar over strains and sexes, some interactions were evident between factors, the largest differences occurring when broilers were fed differing dietary protein levels. These differences may be explained on the basis that lipid is deposited to different extents in each of the parts in response to dietary protein. Day-old breast meat and wing weights fell below the regression that best fitted the remaining observations and so were omitted from allometric analyses. The allometric regressions presented are an attempt to provide information that would enable the prediction of the weights of breast meat, thigh, drum and wing at different stages of growth of broilers whose genotype and feed composition are adequately described.
Introduction
In an earlier paper (Danisman & Gous, 2011) comparisons were made of the allometric relationships between some of the physical parts and body protein weight of three commercial broiler strains reared, sexes separate, on four dietary protein levels to six weeks of age. The allometric regressions presented were an attempt to provide information that would enable the prediction of the weights of breast meat, thigh, drum and wing at different stages of growth of broilers whose genotype and feed composition are adequately described. The most important finding from that trial was that, although the allometric regressions differed marginally according to the dietary protein level fed, there were no differences between strains or sexes. This is contrary to the many reports claiming that improvements have been made in the yield of parts (breast meat in particular) of broilers, with resultant 'high yield' strains having been developed by some breeding companies (Cobb, 2007; Aviagen, 2009) . These claims are made by comparing strains at an age or at a body weight, but not at a protein weight. Where this latter has been used for comparative purposes, even when there are large differences in the growth rates and mature body weights between strains and sexes the allometric relationships have not differed (Gous et al., 1996) .
The objective of the present trial was to gather further evidence of the apparent lack of differences in the allometric relationships between body protein weight and the weights of breast meat, thigh, drum and wing between strains and sexes, thereby corroborating the evidence from previous trials. In this trial the same relationships were again measured using a fourth strain in addition to the three strains used previously. A representative sample (0.5) of birds in each pen was weighed at weekly intervals up to 84 d. Feed allocated to each pen was weighed and transferred to the feeding troughs when necessary. At the end of each week feed remaining in the troughs and in the bag was weighed, to determine the amount of feed consumed during the week. Feed conversion efficiency (FCE) was calculated as g gain/kg food consumed.
At day old, six birds were sampled from each strain x sex, the parts were dissected and weighed, then the chicks from each strain and sex were combined for chemical analysis. Thereafter, two birds were removed from each pen for carcass analysis each week up to the 6th week, and then at 8, 10 and 12 weeks. These birds were treated as described by Danisman & Gous (2011) . The natural log (ln) of the weight of breast, thigh, drum and wing was calculated from which the allometric relationships between these components (Y) and ln body protein weight (X) were determined using the equation ln Y = ln a + b ln X. The exponent b represents the slope of the linear regression obtained in a logarithmic plot.
In summary, a factorial design was used, with four strains, three protein levels and two sexes. Two replications of each treatment combination were used. Data were subjected to the same statistical analyses as those described by Danisman & Gous (2011) . Table 2 Mean body weight (kg) and body lipid content (g/kg) of males and females of four strains of broiler fed three levels of balanced protein at, and cumulative food intake (kg) to six and 12 weeks of age 4 Body lipid content was calculated from gross energy (GE, measured using a bomb calorimeter) using the equation L = -0.8756 + 0.04754*GE (University of KwaZulu-Natal, unpublished).
Results
Although body weights and food intakes of broilers on each of the treatments were recorded each week, only the mean body weights at, and cumulative feed consumptions to six and 12 weeks, for each strain, sex and balanced protein level are presented here (Table 2 ) to indicate the extent to which these varied between birds on the various treatments. In all cases, males were heavier (P <0.01), and consumed more feed (P <0.01), than females.
Dietary protein content influenced growth rate and food intake, with numerically higher body weights and intakes being recorded on the highest feed protein level at both ages. Also presented in Table 2 are the mean body lipid contents of broilers sampled for carcass analysis at six and 12 weeks of age. Females had higher (P <0.001) lipid contents than males (132 vs. 119 and 181 vs. 128 g/kg at the two ages, respectively) and there was a linear increase (P <0.01) in lipid content as dietary protein content declined at both ages.
The mean values presented in Table 2 demonstrate that the factors used, namely, strain, sex and feed protein content, produced widely different body weights and body compositions of birds on the different protein treatments.
Of the components of the body that were measured, only the weights of breast meat, thigh, drum and wing are given in the tables below. The mean weights of the remaining five components measured, namely, breast skin and bone, liver, gut and the remainder of the carcass are not presented in this paper, nor are the results of the chemical analyses of the carcasses other than the lipid content at six weeks. The entire dataset is available from the corresponding author on request.
In general, breast meat weight (Table 3 ) was greater (P <0.01) for males than females, on the high protein than on the medium or low protein feed (P <0.01) and for the Cobb and Hybro strains from six weeks Females  1  3.3  13  13  10  15  13  12  15  14  12  16  14  11  2  55  56  54  53  55  38  42  50  42  38  53  49  42  3  351  124  96  93  108  103  81  110  97  75  106  102  97  4  1012  196  212  205  217  182  187  220  151  167  236  194  196  5  1629  370  336  317  273  268  235  296  290  259  355  284  302  6  4705  477  360  461  410  430  343  407  348  333  367  424  338  8  9551  729  730  660  640  567  575  592  561  510  687  703  594  10  22597  888  919  830  655  830  782  729  759  745  929  921 (P <0.01) onwards, the difference between these and the two Ross strains being 200 g at 12 w (1239 vs. 1040 g), which is the same order of magnitude as between males and females at that age. The Ross 788 strain generally exhibited the lowest breast meat yield at all ages. Data for breast meat and body protein weight from each bird sampled were used to calculate allometric equations for each strain, sex and feed protein level, which were compared using simple linear regression with groups in Genstat (2002), the respective coefficients for the main effects of the three factors being presented in Table 4 . Where no differences were apparent in either the constant term or regression coefficient the common value is presented, as with those between strains when the day-old weights are excluded from the regression, where only one constant term (-1.466) and regression coefficient (1.248) is necessary to describe breast meat weight in terms of body protein content in both sexes. Day-old breast weights were excluded from the allometric analysis because these values fell below the slope common to all later measurements thereby causing the slope to steepen and the goodness of fit to diminish as illustrated in Figure 1 . Small differences in allometric coefficients between factors for breast meat were evident between the two Ross strains on the one hand, and the Cobb and Hybro strains on the other, where the constant terms were -2.53 and -2.43 respectively but with the regression coefficient being the same in all four strains (1.415). The three levels of dietary protein resulted in linear trends in both constant terms (decreasing from -1.388 on the highest to -1.632 on the lowest protein level) and regression coefficients, which increased from 1.231 to 1.266.
Significant two-way interactions in the allometric coefficients for breast meat yield occurred between strain and sex (Table 5 ) with the two Ross strains having a higher constant term and lower slope, and the Cobb females showing a lower constant term (-0.281 ± 0.07) and steeper slope (0.063 ± 0.013) than the Cobb males, which were used as the reference strain. Hybro females exhibited a steeper slope (+0.036 ± 0.013) than Cobb males. The Ross strains thus had higher breast meat weights in the early stages of growth but with the Cobb strain overtaking this advantage at some stage before the end of the growing period. Interactions also occurred between strain and feed protein content (Table 6 ) where the Ross strains on the highest protein level (P1), for example, had higher constant terms (0.204 and 0.260) and reduced regression coefficients (-0.051 and -0.058, respectively) than the Cobb strain on P1, and between feed protein level and sex (Table 7 ). An example of the latter interaction is that between males and females on the lowest protein level (P3), where females had a lower constant term (-0.422 ± 0.067) and a higher regression coefficient (0.081 ± 0.012). The three way interactions between strain, sex and dietary protein levels are given in Table  8 . The constant terms for four of the combinations fed P3 were lower than the reference combination (Cobb males on P1) and the slopes for four of the combinations involving the two Ross strains were flatter and for some of the Cobb and Hybro strains, steeper, than the reference combination. The mean thigh weights of broilers on the various treatments, at weekly intervals, are given in Table 9 . The weight referred to here, includes bone and skin and is the mean of the two thighs from each bird. At 84 d the mean thigh weights of the four strains over all protein levels were similar (352, 328, 313 and 335 g for Cobb, Ross 308 and 788 and Hybro, respectively), whereas the mean weight of male thighs (377 g) was 89 g heavier than those of females. Up to 42 d the mean thigh weight over all strains was directly related to feed protein content but thereafter thigh weight was heaviest on the low protein feed. This was not the case in each strain, however, the change-over being the result of the considerably higher thigh weights in the two Ross strains on the low protein feed, whereas the other two strains retained the direct relationship between dietary protein content and mean thigh weight. The main effect of strain on the allometric relationship between thigh weight and body protein weight (Table 5 ) resulted in significant differences in constant terms between strains but all having the same regression coefficient, i.e. the rate at which thigh weight increased with body protein content was the same in all strains, but the initial weight differed; this difference therefore being maintained throughout the growing period. Both the constant term and regression coefficient were the same for both sexes but, as with breast meat, a decrease in feed protein level caused the constant term to decrease linearly whilst the regression coefficient increased. There were no two-way interactions between strain and sex in the case of thigh weight, but feed protein level interacted with both strain (Table 7) and sex (Table 8 ). The interaction with strain occurred in one case only, with the regression coefficient for the Ross 788 fed the lowest feed protein level being 0.064 ± 0.022 higher than all other combinations of strain and feed protein content. The interaction with sex was brought about also at the lower feed protein contents, with higher regression coefficients being exhibited by females on both protein level 3 (0.030 ± 0.018) and 4 (0.049 ± 0.018), and by males on protein level 4 (0.044 ± 0.018). Some three-way interactions were evident, indicating that the Ross and Cobb strains differed in their response to low protein feeds, with Ross 788 females on the lowest protein level differing from other strain x sex combinations in both constant term and regression coefficient.
The mean drum weights of broilers on the various treatments, at weekly intervals, are given in Table  10 . The weight referred to here, includes bone and skin and is the mean of the two drums from each bird. At 84 d the mean drum weights of the four strains over all protein levels were similar (260, 263, 268 and 271 g for Cobb, Ross 308 and 788 and Hybro, respectively), whereas the mean weight of male drums (308 g) was 84 g heavier than those of females. Unlike with the thigh, there were no two-way interactions between strain and feed protein level in the case of the drum, and only one instance each in which strain and sex, and feed protein and sex, interacted (Tables 5 and 7 , respectively). Cobb females on the high protein feed exhibited a lower regression coefficient (-0.046, P <0.05) than Cobb males on the same protein level (Table 8) , this being the only three-way interaction in the case of drum weights in this trial.
The mean wing weights of broilers on the various treatments, at weekly intervals, are given in Table  11 . As with the thigh and drum weights reported, the weight referred to here, includes bone and skin and is the mean of the two wings from each bird. Only 8 g separated the mean wing weights at 84 d over both sexes between strains, the heaviest being those from the Hybro strain (204 g) and the lightest (196 g) from Ross 308. Conversely, 55 g separated the mean wing weights between males and females at 84 d. As with the day-old breast weights, the mean wing weights at dayold fell below the allometric slope common to all later weights, and so were excluded from the allometric analysis. The main effects of strain, sex and feed protein content (Table 4 ) had no effect on the slope of the allometric regression with body protein content, although the constant terms differed marginally between sexes and feed protein. No two-way interactions were found for mean wing weight, but there was a three-way interaction (Table 8) , with males of the Hybro strain on feed protein 2 exhibiting a higher constant term (0.29, P <0.01) and a lower slope (-0.05, P <0.01) than the Cobb males on the highest protein level.
Discussion
The four strains, two sexes and three dietary protein levels used in the trial had the desired effect of producing a wide range of rates of growth of the body and of the weights of the physical and chemical components of the birds sampled. As with the previous trial (Danisman & Gous, 2011 ) the body weights achieved exceeded the breed standards for all strains used. The major difference between the design of this and the previous trial, apart from the number of strains and dietary protein levels used, was that the birds in this trial were sampled to 84 d of age, this being twice the age of the birds at the termination of the previous trial. The allometric regressions are therefore measured over a far wider range of body protein contents than in the previous trial. As in the previous trial (Danisman & Gous, 2011) , and in spite of differences in growth rates and carcass composition between the strains and sexes used, breast meat weight was unaffected by these factors when expressed as a proportion of the body protein content of the broiler. And, as with the previous trial, differences in the constant term and regression coefficient describing this relationship were brought about by rearing the birds on different levels of dietary protein, with the constant terms decreasing and the slopes increasing as feed protein content decreased. It was suggested previously that this effect could be the result of increasing amounts of lipid being deposited in the breast muscle as feed protein content is reduced resulting in increasing breast weights at a given body protein weight. It is known that body lipid deposition increases as feed protein content declines (Gous et al., 1990) . The same situation exists for the other parts analysed in this trial, with feed protein being the major factor influencing the slope of the allometric regressions with body protein content. This issue can only be resolved by measuring the amount of lipid that is deposited in each of the parts when birds are fed decreasing amounts of dietary protein: breast meat would be expected to retain a lower proportion of lipid than would the thigh, for example. Adjustments could then be made to the weights of the parts proportional to the amount of lipid that would be expected to be deposited when the bird is fed a given level of dietary protein at each stage of growth. Noy & Sklan (1998) have shown that breast meat weights at dayold are heavier when chicks have had access to food prior to being removed from the incubator, which suggests that the breast muscle may be used to supply nutrients to the body during this period. A study comparing the effects of early feeding with the conventional approach on the allometric relationships between body protein and the physical parts of the body at dayold might shed light on whether the breast and wing are being depleted of nutrients for other purposes during the last stages of incubation. The allometric coefficients obtained in this trial for breast meat weights were comparable with those of the first trial in this series (Danisman & Gous, 2011) . For example, the constant terms and regression coefficients for breast meat, excluding day-old weights, for the first and second trials were -1.466 and -1.428, and 1.248 and 1.236 respectively. The regression coefficients for the other three parts analysed were not as comparable: for thigh these were 1.325 and 1.036, for drum, 1.035 and 1.015, and for wing, 0.984 and 1.055 respectively. These differences are likely to be statistical rather than biological in nature, because of sampling and other experimental errors when collecting data of this sort. The results of these two trials as well as those from a third trial on this topic are to be combined to determine a more accurate estimate of the allometric relationships between these parts and body protein.
Table 10
Mean drum weights (g), at weekly intervals, of females and males of four strains of broiler fed three levels of balanced protein to 12 weeks of age 
Conclusions
The research reported here corroborates the results of the previous trial whose results suggested that, aside from the variable amounts of lipid that are deposited in the various body components resulting from differences in dietary protein content, the weights of these components may be accurately estimated from the body protein content of the broiler. It appears that day-old breast meat and wing weight is influenced by the nutritional status of the embryo which should thus be excluded from the allometric analysis. To improve the accuracy of prediction of component weights as influenced by strain, sex and dietary protein content the minimum and maximum amounts of lipid that can be deposited in these components by different broiler strains should be measured.
